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Click here for additional data file.

Introduction
============

Atrial fibrillation is a major cause of stroke related disability and death,[@ref1] [@ref2] affecting 33.5 million people worldwide.[@ref3] In the United States, 1% of the general population and 9% of people aged 80 years or over have atrial fibrillation,[@ref1] [@ref4] and treatment of atrial fibrillation related morbidity costs \$26bn (£17bn; €24bn) a year.[@ref3] Anticoagulation with warfarin has been shown to decrease the risk of ischemic stroke and systemic embolism in this population.[@ref5] The availability of novel oral anticoagulants has provided patients with a convenient, fixed dosed alternative to warfarin.[@ref6] [@ref7] Novel oral anticoagulants have shown non-inferiority to warfarin for the prevention of stroke and systemic embolism, with reduction in the risk of intracerebral hemorrhage.[@ref8] However, these same trials show an unexpected increase in gastrointestinal bleeding,[@ref8] [@ref9] especially among patients aged 75 years or over.[@ref10] Prevalence of both atrial fibrillation and gastrointestinal bleeding increases with age,[@ref1] [@ref6] and increased risk of gastrointestinal bleeding has been observed in older people when warfarin or novel oral anticoagulants are prescribed concomitantly with antiplatelet agents.[@ref9] [@ref11] [@ref12]

The magnitude of risk associated with prescription of novel oral anticoagulants remains unclear in a real world clinical setting. A recent meta-analysis of 71 684 patients from four phase III randomized trials of novel oral anticoagulants highlighted a 25% increase in gastrointestinal bleeding associated with these agents compared with warfarin. However, significant heterogeneity existed among trials, suggesting that the results may not be an accurate estimate of the magnitude of the risk of gastrointestinal bleeding.[@ref8] This is best shown in the ROCKET-AF trial, in which regional differences in baseline characteristics (for example, older age, history of gastrointestinal bleeding, anemia) were found to significantly affect the risk of gastrointestinal bleeding associated with rivaroxaban.[@ref13] We quantified the risk of total, upper, and lower gastrointestinal bleeding associated with dabigatran and rivaroxaban and compared these risks with those for warfarin in a geographically diverse adult population with commercial insurance in the United States.

Methods
=======

Data source
-----------

We did a retrospective analysis of medical and pharmacy administrative claims from a large database, Optum Labs Data Warehouse, which includes privately insured people and some Medicare Advantage enrollees throughout the United States.[@ref14] The database contains data on more than 100 million enrollees, from geographically diverse regions across the United States, with greatest representation from the South and Midwest. The plan provides fully insured coverage for inpatient, outpatient, and pharmacy services. Medical claims include ICD-9-CM (international classification of diseases, 9th revision, clinical modification) diagnosis codes; ICD-9 procedure codes; Current Procedural Terminology, version 4 (CPT-4) procedure codes; Healthcare Common Procedure Coding System (HCPCS) procedure codes; site of service codes; and provider specialty codes.

Patient involvement and identification
--------------------------------------

There was no patient involvement in this study. We identified all people aged 18 years or older by their index prescription of dabigatran, rivaroxaban, or warfarin. We excluded patients prescribed apixaban owing to the small sample size. We classified patients into dabigatran, rivaroxaban, or warfarin cohorts on the basis of their first filled prescription, or index date, between 1 November 2010 and 30 September 2013. We excluded patients with any previously dispensed prescription for warfarin, dabigatran, or rivaroxaban during the 12 months before the index date, as well as those who did not have continuous enrolment in a medical and pharmacy plan for 12 months before this date. We also excluded patients with mechanical heart valve or diagnosed mitral stenosis, chronic hemodialysis or peritoneal dialysis, and kidney transplant, as well as those residing in a skilled nursing facility or nursing home at the time of the index date. We categorized patients by diagnosis of atrial fibrillation, on the basis of ICD-9-CM codes (ICD-9-CM 427.31) in the primary or secondary position from any practice setting (inpatient or outpatient) during the 12 months before their index date, and we did separate analyses for the "atrial fibrillation" and "non-atrial fibrillation" cohorts.

Exposures and primary outcome
-----------------------------

The exposures of interest were dabigatran, rivaroxaban, and warfarin. We considered patients as being continuously exposed from the index date for the duration of their prescription until a gap of 30 days occurred or until occurrence of gastrointestinal bleeding, disenrollment from the healthcare plan, or termination of treatment as defined by the absence of a new prescription by the end of the 45 day period from the last identified index medication fill. The last date of follow-up was 31 December 2013.

The primary outcome was the occurrence of a gastrointestinal bleed as defined using the Food and Drug Administration's Mini-Sentinel post-marketing surveillance system ([www.mini-sentinel.org](http://www.mini-sentinel.org/)) diagnostic codes (ICD-9-CM codes used to define these outcome are listed in supplemental table A1 in the web appendix). We identified gastrointestinal bleeding by using inpatient hospital claims for relevant primary and secondary discharge diagnoses indicative of bleeding in the gastrointestinal tract.

Variables of interest
---------------------

Independent variables of interest included baseline demographics (age, sex, and race/ethnicity), comorbidities, and pharmacologic risk factors for gastrointestinal bleeding. Pharmacologic factors assessed included known inducers and inhibitors of warfarin (see table A2 in appendix) and concomitant prescription of antiplatelet agents, non-steroidal anti-inflammatory drugs, selective serotonin reuptake inhibitors, proton pump inhibitors, and glucocorticoids. We identified comorbid conditions by ICD-9-CM codes in the primary or secondary position on any claim during the baseline period and included myocardial infarction, congestive heart failure, coronary bypass graft and percutaneous coronary intervention, diabetes, history of previous gastrointestinal bleed, diverticulosis, *Helicobacter pylori* infection, and renal disease. We used the Charlson-Deyo comorbidity index to assess patients' overall baseline comorbidity burden.[@ref15] We derived a CHADS~2~ score for each atrial fibrillation patient by assigning 1 point each for age 75 years or older, hypertension, diabetes mellitus, and heart failure and 2 points for previous stroke or transient ischemic attack, with a possible total score of 6 points. We defined the components of the CHADS~2~ score by using diagnoses coded within the 12 month baseline period before the index date.[@ref16] Similarly, we defined a modified HAS-BLED score for each patient by assigning 1 point and summing across the following conditions: hypertension, renal disease, cirrhosis, stroke, major bleeding event, age 65 and older, non-steroidal anti-inflammatory drug, antiplatelet agents, and alcohol use.[@ref17] Our dataset did not include laboratory parameters, so we were not able to assess a labile international normalized ratio (in therapeutic range \<60% of the time) in the HAS-BLED score.

Statistical analysis
--------------------

We examined the effect of dabigatran, rivaroxaban, and warfarin on the risk of gastrointestinal bleeding. To do so, we used one to one propensity score matching without replacement in two separate models to adjust for differences in baseline covariates between patients exposed to dabigatran (versus warfarin) and rivaroxaban (versus warfarin). For each comparison, the propensity score algorithm was run separately for atrial fibrillation and non-atrial fibrillation cohorts to further lessen treatment selection differences. The propensity score model included risk factors for gastrointestinal bleeding, race, age categories (18-64, 65-75, ≥76 years), and drug classes and controlled for follow-up times that may differ between the novel anticoagulant agents and warfarin by including a categorical variable representing the quarter in which the anticoagulant was started. We did a paired *t*test for continuous variables, a McNemar test for dichotomous variables, and a Bowker's test for categorical variables with more than two levels. We considered the standardized difference of each covariate in the propensity score model. We considered variables to be significantly different after propensity score matching if the P value was less than 0.05; these variables were included as independent covariates in final multivariable models for assessment of the outcomes of interest.

We used multivariate Cox proportional hazards models to identify the associations between dabigatran and rivaroxaban and gastrointestinal bleeding. The comparator group for each exposure of interest was a propensity score matched group of patients prescribed warfarin. We considered patients with and without atrial fibrillation in separate models. We calculated the hazard ratio and 95% confidence intervals for each outcome of interest and considered the interaction term of how the treatment effect changed as the strata of age increased in our population. To measure the risk of gastrointestinal bleeding associated with advancing age, we considered marginal effects to estimate the hazard ratio at the given levels of the interaction, using the warfarin 18-64 age group as the control. The adjusted predictions refer to the hazard ratio of the outcome of interest (gastrointestinal bleeding), with control for other independent covariates. We calculated marginal effects as the difference between the predicted values of hazard ratio between each treatment and age group. We created the analytic dataset in SAS 9.3 and used Stata SE software (version 13.0) for the statistical analysis.

Results
=======

Patients' characteristics
-------------------------

We identified 219 027 continuously enrolled patients as users of anticoagulants between 1 November 2010 and 30 September 2013. Thirty seven per cent (n=81 975) were prevalent anticoagulant users and were excluded from the study. We excluded 29% (n=40 040) who presented with mitral stenosis, mechanical heart valve, kidney transplant, chronic dialysis, or skilled nursing facility stay in the 12 months before the index date. We excluded 4% owing to a switch in drug before their last medication fill ran out. Our final cohort of 92 816 patients taking anticoagulants during our study period included 8578 (9.2%) patients on dabigatran, 16 253 (17.5%) on rivaroxaban, and 67 985 (73.2%) on warfarin (fig 1[](#fig1){ref-type="fig"}).

![**Fig 1** Flow chart of study](abrn023104.f1_default){#fig1}

Risk of gastrointestinal bleeding with dabigatran compared with warfarin
------------------------------------------------------------------------

To create the atrial fibrillation cohort, we matched 98.8% of the dabigatran patients to 34.0% of the warfarin patients to create 7749 matched pairs. To create the non-atrial fibrillation cohort, we matched 100% of non-atrial fibrillation patients prescribed dabigatran to 1.6% of the warfarin patients to create 732 matched pairs. We compared patients' demographics and clinical characteristics between dabigatran and warfarin cohorts, and the baseline characteristics were not statistically different (tables 1[](#tbl1){ref-type="table"} and 2[](#tbl2){ref-type="table"}).

###### 

 Characteristics of atrial fibrillation patients by drug exposure: dabigatran propensity score 1:1 match. Values are numbers (percentages) unless stated otherwise

  Characteristics                           Full cohort                   Propensity matched cohort                                             
  ----------------------------------------- ------------- --------------- --------------------------- ------------- ------------- ------------- --------
  **Demographics and risk scores**                                                                                                              
  Mean (SD) age, years                      67.0 (11.3)   72.2 (9.9)      \<0.01                                    67.2 (11.2)   67.5 (11.2)   \<0.01
  Age group, years:                                                       \<0.01                                                                0.07
   18-64                                    3136 (40.0)   4479 (19.7)                                 3039 (39.2)   3046 (39.3)                 
   65-75                                    2647 (33.7)   8108 (35.6)                                 2647 (34.2)   2635 (34.0)                 
   ≥76                                      2063 (26.3)   10 200 (44.8)                               2063 (26.6)   2068 (26.7)                 
  Female sex                                2791 (35.6)   9618 (42.2)     \<0.01                                    2782 (35.9)   2769 (35.7)   0.78
  Race/ethnicity:                                                         \<0.01                                                                0.88
   White                                    6036 (76.9)   17 830 (78.2)                               5969 (77.0)   5997 (77.4)                 
   Black                                    657 (8.4)     2168 (9.5)                                  652 (8.4)     654 (8.4)                   
   Other                                    1153 (14.7)   2789 (12.2)                                 1128 (14.6)   1098 (14.2)                 
  Charlson-Deyo index:                                                    \<0.01                                                                0.95
   0-1                                      4327 (55.1)   9233 (40.5)                                 4234 (54.6)   4231 (54.6)                 
   ≥2                                       3519 (44.9)   13 554 (59.5)                               3515 (45.4)   3518 (45.4)                 
  CHADS2 score:                                                           \<0.01                                                                0.27
   0-1                                      3605 (45.9)   6,820 (29.9)                                3518 (45.4)   3470 (44.8)                 
   ≥2                                       4241 (54.1)   15 967 (70.1)                               4231 (54.6)   4279 (55.2)                 
  HAS-BLED score:                                                         \<0.01                                                                0.90
   0-2                                      5604 (71.4)   14 075 (61.8)                               5514 (71.2)   5534 (71.4)                 
   3                                        1677 (21.4)   6301 (27.7)                                 1670 (21.6)   1663 (21.5)                 
   ≥4                                       565 (7.2)     2411 (10.6)                                 565 (7.3)     552 (7.1)                   
  **Baseline comorbidities**                                                                                                                    
  Myocardial infarction                     531 (6.8)     2290 (10.0)     \<0.01                                    531 (6.9)     482 (6.2)     0.09
  CABG/PCI                                  361 (4.6)     1443 (6.3)      \<0.01                                    361 (4.7)     327 (4.2)     0.17
  Congestive heart failure                  1913 (24.4)   7783 (34.2)     \<0.01                                    1912 (24.7)   1915 (24.7)   0.94
  Diabetes                                  2256 (28.8)   7802 (34.2)     \<0.01                                    2249 (29.0)   2274 (29.3)   0.59
  History of gastrointestinal bleed:        59 (0.8)      325 (1.4)       \<0.01                                    59 (0.8)      49 (0.6)      0.33
   Upper gastrointestinal bleed             39 (0.5)      200 (0.9)       \<0.01                                    39 (0.5)      31 (0.4)      0.33
   Lower gastrointestinal bleed             20 (0.3)      125 (0.5)       \<0.01                                    20 (0.3)      18 (0.2)      0.75
  Helicobacter pylori                       31 (0.4)      89 (0.4)        0.96                                      31 (0.4)      29 (0.4)      0.80
  Diverticulosis                            605 (7.7)     1973 (8.7)      \<0.01                                    599 (7.7)     571 (7.4)     0.36
  Renal disease                             600 (7.6)     3455 (15.2)     \<0.01                                    600 (7.7)     617 (8.0)     0.54
  **Concomitant drug exposure**                                                                                                                 
  Inhibitors of warfarin\*                  5560 (70.9)   15 809 (69.4)   0.01                                      5484 (70.8)   5490 (70.8)   0.89
  Inducers of warfarin\*                    2287 (29.1)   7530 (33.0)     \<0.01                                    2263 (29.2)   2185 (28.2)   0.11
  Antiplatelet agents                       991 (12.6)    3150 (13.8)     \<0.01                                    983 (12.7)    930 (12.0)    0.16
  Non-steroidal anti-inflammatory drugs     1764 (22.5)   4567 (20.0)     \<0.01                                    1734 (22.4)   1702 (22.0)   0.47
  Selective serotonin reuptake inhibitors   1107 (14.1)   3304 (14.5)     0.40                                      1096 (14.1)   1055 (13.6)   0.28
  Proton pump inhibitors                    1738 (22.2)   5747 (25.2)     \<0.01                                    1723 (22.2)   1655 (21.4)   0.13
  Glucocorticoids                           1428 (18.2)   4835 (21.2)     \<0.01                                    1415 (18.3)   1404 (18.1)   0.79

Before propensity score match: continuous data compared using *t* test and categorical variable using χ^2^ test.

After propensity score match: continuous data compared using paired *t* test and McNemar's test.

CABG/PCI= coronary bypass graft/percutaneous coronary intervention.

\*See appendix (table A2).

###### 

 Characteristics of non-atrial fibrillation patients by drug exposure: dabigatran propensity score 1:1 match. Values are numbers (percentages) unless stated otherwise

  Characteristics                           Full cohort                   Propensity matched cohort                                            
  ----------------------------------------- ------------- --------------- --------------------------- ------------ ------------- ------------- --------
  **Demographics and risk scores**                                                                                                             
  Mean (SD) age, years                      64.6 (12.9)   61.9 (13.7)     \<0.01                                   64.6 (12.9)   63.1 (14.1)   \<0.01
  Age, years:                                                             \<0.01                                                               0.54
   18-64                                    358 (48.9)    24 172 (53.5)                               358 (48.9)   369 (50.4)                  
   65-75                                    202 (27.6)    13 445 (29.7)                               202 (27.6)   202 (27.6)                  
   ≥76                                      172 (23.5)    7581 (16.8)                                 172 (23.5)   161 (22.0)                  
  Female                                    272 (37.2)    23 500 (52.0)   \<0.01                                   272 (37.2)    269 (36.7)    0.81
  Race/ethnicity:                                                         \<0.01                                                               0.42
   White                                    499 (68.2)    33 907 (75.0)                               499 (68.2)   521 (71.2)                  
   Black                                    82 (11.2)     5343 (11.8)                                 82 (11.2)    72 (9.8)                    
   Other                                    151 (20.6)    5948 (13.2)                                 151 (20.6)   139 (19.0)                  
  Charlson-Deyo index:                                                    0.30                                                                 0.38
   0-1                                      413 (56.4)    26 370 (58.3)                               413 (56.4)   425 (58.1)                  
   ≥2                                       319 (43.6)    18 828 (41.7)                               319 (43.6)   307 (41.9)                  
  HAS-BLED score:                                                         0.17                                                                 0.32
   0-2                                      564 (77.0)    33 857 (74.9)                               564 (77.0)   578 (79.0)                  
   3                                        118 (16.1)    8501 (18.8)                                 118 (16.1)   114 (15.6)                  
   ≥4                                       50 (6.8)      2840 (6.3)                                  50 (6.8)     40 (5.5)                    
  **Baseline comorbidities**                                                                                                                   
  Myocardial infarction                     69 (9.4)      2492 (5.5)      \<0.01                                   69 (9.4)      78 (10.7)     0.37
  CABG/PCI                                  35 (4.8)      1004 (2.2)      \<0.01                                   35 (4.8)      43 (5.9)      0.29
  Congestive heart failure                  141 (19.3)    4635 (10.3)     \<0.01                                   141 (19.3)    147 (20.1)    0.61
  Diabetes                                  209 (28.6)    10 322 (22.8)   \<0.01                                   209 (28.6)    190 (26.0)    0.15
  History of gastrointestinal bleed:        3 (0.4)       499 (1.1)       0.07                                     3 (0.4)       8 (1.1)       0.10
   Upper gastrointestinal bleed             3 (0.4)       316 (0.7)       0.35                                     3 (0.4)       7 (1.0)       0.16
   Lower gastrointestinal bleed             0 (0.0)       183 (0.4)       0.08                                     0 (0.0)       1 (0.1)       --
  Helicobacter pylori                       2 (0.3)       194 (0.4)       0.52                                     2 (0.3)       1 (0.1)       0.56
  Diverticulosis                            52 (7.1)      3645 (8.1)      0.34                                     52 (7.1)      35 (4.8)      0.05
  Renal disease                             49 (6.7)      3742 (8.3)      0.12                                     49 (6.7)      44 (6.0)      0.56
  **Concomitant drug exposure**                                                                                                                
  Inhibitors of warfarin\*                  457 (62.4)    24 591 (54.4)   \<0.01                                   457 (62.4)    461 (63.0)    0.73
  Inducers of warfarin\*                    205 (28.0)    15 192 (33.6)   \<0.01                                   205 (28.0)    196 (26.8)    0.49
  Antiplatelet agents                       128 (17.5)    3418 (7.6)      \<0.01                                   128 (17.5)    137 (18.7)    0.44
  Non-steroidal anti-inflammatory drugs     162 (22.1)    16 408 (36.3)   \<0.01                                   162 (22.1)    159 (21.7)    0.79
  Selective serotonin reuptake inhibitors   118 (16.1)    9002 (19.9)     0.01                                     118 (16.1)    127 (17.3)    0.41
  Proton pump inhibitors                    165 (22.5)    11 290 (25.0)   0.13                                     165 (22.5)    159 (21.7)    0.64
  Glucocorticoids                           130 (17.8)    11 377 (25.2)   \<0.01                                   130 (17.8)    125 (17.1)    0.66

Before propensity score match: continuous data compared using *t* test and categorical variable using χ^2^ test.

After propensity score match: continuous data compared using paired *t* test and McNemar's test.

CABG/PCI= coronary bypass graft/percutaneous intervention.

\*See appendix (table A2).

Table 3[](#tbl3){ref-type="table"} shows the incidence rates for total, upper, and lower gastrointestinal bleeding for dabigatran and warfarin. Among atrial fibrillation and non-atrial fibrillation sub-cohorts, more upper gastrointestinal than lower gastrointestinal bleeding events occurred. Overall, compared with warfarin, dabigatran showed no difference in risk of gastrointestinal bleeding in the cohorts with and without atrial fibrillation (table 3[](#tbl3){ref-type="table"}).

###### 

 Events and adjusted hazards of gastrointestinal bleeding

                                Events per 100 patient years (95% CI)   Hazard ratio\* (95% CI) for bleeding: dabigatran *v* warfarin   Events per 100 patient years (95% CI)   Hazard ratio\* (95% CI) for bleeding: rivaroxaban *v* warfarin                         
  ----------------------------- --------------------------------------- --------------------------------------------------------------- --------------------------------------- ---------------------------------------------------------------- --------------------- ---------------------
  **Atrial fibrillation**                                                                                                                                                                                                                                              
  Total bleeding events         2.29 (1.88 to 2.79)                     2.87 (2.41 to 3.41)                                             0.79 (0.61 to1.03)                      2.84 (2.30 to 3.52)                                              3.06 (2.49 to 3.77)   0.93 (0.69 to 1.25)
  Upper GI bleeding events      1.42 (1.11 to 1.83)                     1.81 (1.45 to 2.25)                                             0.78 (0.56 to 1.09)                     1.83 (1.40 to 2.39)                                              1.74 (1.32 to 2.28)   1.05 (0.72 to 1.54)
  Lower GI bleeding events      0.86 (0.63 to 1.19)                     1.06 (0.80 to 1.41)                                             0.81 (0.53 to 1.24)                     1.02 (0.97 to1.82)                                               1.33 (0.97 to 1.82)   0.77 (0.48, 1.24)
  **Non-atrial fibrillation**                                                                                                                                                                                                                                          
  Total bleeding events         4.10 (2.47 to 6.80)                     3.71 (2.16 to 6.40)                                             1.14 (0.54 to 2.39)                     1.66 (1.23 to 2.24)                                              1.57 (1.25 to 1.99)   0.89 (0.60 to 1.32)
  Upper GI bleeding events      2.73 (1.47 to 5.08)                     2.57 (1.34 to 4.94)                                             1.09 (0.44 to 2.69)                     1.03 (0.70 to 1.51)                                              0.99 (0.74 to 1.33)   0.87 (0.53 to 1.44)
  Lower GI bleeding events      1.37 (0.57 to 3.28)                     1.14 (0.43 to 3.04)                                             1.23 (0.33 to 4.59)                     0.63 (0.39 to 1.03)                                              0.58 (0.40 to 0.86)   0.91 (0.48 to 1.73)

GI=gastrointestinal.

\*Adjusted for covariates significant at P\<0.05 level.

The marginal effects shown in figure 2[](#fig2){ref-type="fig"} highlight the effects of dabigatran and age on the risk of gastrointestinal bleeding among patients with atrial fibrillation. The risk of dabigatran related gastrointestinal bleeding increased among atrial fibrillation patients such that in patients over 75 the expected hazard ratio for gastrointestinal bleeding exceeded the risk with warfarin (dabigatran: hazard ratio 2.49, 95% confidence interval 1.61 to 3.83; warfarin: 1.62, 1.02 to 2.58). Among patients without atrial fibrillation (supplemental figure A5 in appendix) aged 76 years and older, dabigatran related gastrointestinal bleeding was comparable to warfarin related gastrointestinal bleeding (dabigatran: hazard ratio 1.56, 0.42 to 5.80; warfarin: 2.73, 0.83 to 8.94).

![**Fig 2** Dabigatran versus warfarin in patients with atrial fibrillation: treatment effect by age](abrn023104.f2_default){#fig2}

Risk of gastrointestinal bleeding with rivaroxaban compared with warfarin
-------------------------------------------------------------------------

To create the atrial fibrillation cohort, we matched 95% of the rivaroxaban patients to 22.7% of the warfarin patients to create 5166 matched pairs (table 4[](#tbl4){ref-type="table"}). To create the non-atrial fibrillation cohort, we matched 99.9% of patients prescribed rivaroxaban to 23.9% of those prescribed warfarin to create 10 803 matched pairs (table 5[](#tbl5){ref-type="table"}). We compared patients' demographics and clinical characteristics between rivaroxaban and warfarin cohorts both with and without atrial fibrillation. Patients with atrial fibrillation were not statistically different, and characteristics of non-atrial fibrillation patients that were statistically different (P\<0.05) were controlled for in the hazard ratio model.

###### 

 Characteristics of atrial fibrillation patients by drug exposure: rivaroxaban propensity score 1:1 match. Values are numbers (percentages) unless stated otherwise

  Characteristics                           Full cohort                   Propensity matched cohort                                              
  ----------------------------------------- ------------- --------------- --------------------------- ------------- -------------- ------------- ------
  **Demographics and risk scores**                                                                                                               
  Mean (SD) age, years                      68.4 (11.1)   72.2 (9.9)      \<0.01                                    69.0 (10.9)    69.1 (10.9)   0.54
  Age group, years:                                                       \<0.01                                                                 0.37
   18-64                                    1865 (34.3)   4479 (19.7)                                 1608 (31.1)   1649 (31.9)                  
   65-75                                    1987 (36.6)   8,108 (35.6)                                1976 (38.3)   1908 (36.9)                  
   ≥76                                      1582 (29.1)   10,200 (44.8)                               1582 (30.6)   1609 (31.1)                  
  Female sex                                2081 (38.3)   9,618 (42.2)    \<0.01                                    2016 (39.0)    2000 (38.7)   0.69
  Race/ethnicity:                                                         \<0.01                                                                 0.62
   White                                    4220 (77.7)   17 830 (78.2)                               4025 (77.9)   4047 (78.3)                  
   Black                                    436 (8.0)     2168 (9.5)                                  423 (8.2)     431 (8.3)                    
   Other                                    778 (14.3)    2789 (12.2)                                 718 (13.9)    688 (13.3)                   
  Charlson-Deyo index:                                                    \<0.01                                                                 0.41
   0-1                                      2946 (54.2)   9233 (40.5)                                               2702 (52.3)    2733 (52.9)   
   ≥2                                       2488 (45.8)   13 554 (59.5)                                             2464 (47.7)    2433 (47.1)   
  CHADS2 score:                                                           \<0.01                                                                 0.93
   0-1                                      2391 (44.0)   6820 (29.9)                                 2164 (41.9)   2167 (41.9)                  
   ≥2                                       3043 (56.0)   15 967 (70.1)                               3002 (58.1)   2999 (58.1)                  
  HAS-BLED score:                                                         \<0.01                                                                 0.58
   0-2                                      3790 (69.7)   14 075 (61.8)                               3541 (68.5)   3,585 (69.4)                 
   3                                        1287 (23.7)   6301 (27.7)                                 1269 (24.6)   1,251 (24.2)                 
   ≥4                                       357 (6.6)     2411 (10.6)                                 356 (6.9)     330 (6.4)                    
  **Baseline comorbidities**                                                                                                                     
  Myocardial infarction                     382 (7.0)     2290 (10.0)     \<0.01                                    379 (7.3)      381 (7.4)     0.94
  CABG/PCI                                  211 (3.9)     1443 (6.3)      \<0.01                                    211 (4.1)      217 (4.2)     0.76
  Congestive heart failure                  1337 (24.6)   7783 (34.2)     \<0.01                                    1323 (25.6)    1269 (24.6)   0.14
  Diabetes                                  1575 (29.0)   7802 (34.2)     \<0.01                                    1544 (29.9)    1548 (30.0)   0.92
  History of gastrointestinal bleed:        47 (0.9)      325 (1.4)       \<0.01                                    47 (0.9)       33 (0.6)      0.12
   Upper gastrointestinal bleed             30 (0.6)      200 (0.9)       0.02                                      30 (0.6)       18 (0.3)      0.08
   Lower gastrointestinal bleed             17 (0.3)      125 (0.5)       0.03                                      17 (0.3)       15 (0.3)      0.72
  Helicobacter pylori                       17 (0.3)      89 (0.4)        0.40                                      17 (0.3)       16 (0.3)      0.86
  Diverticulosis                            394 (7.3)     1973 (8.7)      \<0.01                                    383 (7.4)      341 (6.6)     0.09
  Renal disease                             461 (8.5)     3455 (15.2)     \<0.01                                    461 (8.9)      444 (8.6)     0.49
  **Concomitant drug exposure**                                                                                                                  
  Inhibitors of warfarin\*                  3828 (70.4)   15 809 (69.4)   0.12                                      3628 (70.2)    3638 (70.4)   0.78
  Inducers of warfarin\*                    1687 (31.0)   7530 (33.0)     \<0.01                                    1612 (31.2)    1555 (30.1)   0.16
  Antiplatelet agents                       734 (13.5)    3150 (13.8)     0.54                                      698 (13.5)     690 (13.4)    0.81
  Non-steroidal anti-inflammatory drugs     1297 (23.9)   4567 (20.0)     \<0.01                                    1205 (23.3)    1185 (22.9)   0.59
  Selective serotonin reuptake inhibitors   782 (14.4)    3304 (14.5)     0.84                                      744 (14.4)     717 (13.9)    0.40
  Proton pump inhibitors                    1341 (24.7)   5747 (25.2)     0.41                                      1291 (25.0)    1207 (23.4)   0.03
  Glucocorticoids                           1091 (20.1)   4835 (21.2)     0.06                                      1029 (19.9)    997 (19.3)    0.37

Before propensity score match: continuous data compared using *t* test and categorical variable using χ^2^ test.

After propensity score match: continuous data compared using paired *t* test and McNemar's test.

CABG/PCI= coronary bypass graft/percutaneous coronary intervention.

\*See appendix (table A2).

###### 

 Characteristics of non-atrial fibrillation patients by drug exposure: rivaroxaban propensity score 1:1 match. Values are numbers (percentages) unless stated otherwise

  Characteristics                           Full cohort                   Propensity matched cohort                                             
  ----------------------------------------- ------------- --------------- --------------------------- ------------- ------------- ------------- --------
  **Demographics and risk scores**                                                                                                              
  Mean (SD) age, years                      60.4 (11.8)   61.9 (13.7)     \<0.01                                    60.4 (11.8)   59.0 (13.4)   \<0.01
  Age group, years:                                                       \<0.01                                                                0.87
   18-64                                    6903 (63.8)   24 172 (53.5)                               6888 (63.8)   6920 (64.1)                 
   65-75                                    2916 (27.0)   13 445 (29.7)                               2915 (27.0)   2887 (26.7)                 
   ≥76                                      1000 (9.2)    7581 (16.8)                                 1000 (9.3)    996 (9.2)                   
  Female sex                                6073 (56.1)   23 500 (52.0)   \<0.01                                    6061 (56.1)   6084 (56.3)   0.60
  Race/ethnicity:                                                         \<0.01                                                                0.68
   White                                    8510 (78.7)   33 907 (75.0)                               8494 (78.6)   8535 (79.0)                 
   Black                                    1017 (9.4)    5343 (11.8)                                 1017 (9.4)    987 (9.1)                   
   Other                                    1292 (11.9)   5948 (13.2)                                 1292 (12.0)   1281 (11.9)                 
  Charlson-Deyo index:                                                    \<0.01                                                                \<0.01
   0-1                                      8075 (74.6)   26 370 (58.3)                               8059 (74.6)   8285 (76.7)                 
   ≥2                                       2744 (25.4)   18 828 (41.7)                               2744 (25.4)   2518 (23.3)                 
  HAS-BLED score:                                                         \<0.01                                                                0.04
   0-2                                      8623 (79.7)   33 857 (74.9)                               8608 (79.7)   8709 (80.6)                 
   3                                        1775 (16.4)   8501 (18.8)                                 1774 (16.4)   1727 (16.0)                 
   ≥4                                       421 (3.9)     2840 (6.3)                                  421 (3.9)     367 (3.4)                   
  **Baseline comorbidities**                                                                                                                    
  Myocardial infarction                     224 (2.1)     2492 (5.5)      \<0.01                                    224 (2.1)     161 (1.5)     \<0.01
  CABG/PCI                                  72 (0.7)      1004 (2.2)      \<0.01                                    72 (0.7)      45 (0.4)      \<0.01
  Congestive heart failure                  443 (4.1)     4635 (10.3)     \<0.01                                    443 (4.1)     359 (3.3)     \<0.01
  Diabetes                                  2141 (19.8)   10 322 (22.8)   \<0.01                                    2128 (19.7)   2028 (18.8)   0.02
  History of gastrointestinal bleed:        54 (0.5)      499 (1.1)       \<0.01                                    54 (0.5)      46 (0.4)      0.41
   Upper gastrointestinal bleed             37 (0.3)      316 (0.7)       \<0.01                                    37 (0.3)      31 (0.3)      0.47
   Lower gastrointestinal bleed             17 (0.2)      183 (0.4)       \<0.01                                    17 (0.2)      15 (0.1)      0.72
  Helicobacter pylori                       38 (0.4)      194 (0.4)       0.26                                      38 (0.4)      27 (0.2)      0.17
  Diverticulosis                            695 (6.4)     3645 (8.1)      \<0.01                                    695 (6.4)     619 (5.7)     0.01
  Renal disease                             461 (4.3)     3742 (8.3)      \<0.01                                    461 (4.3)     398 (3.7)     0.01
  **Concomitant drug exposure**                                                                                                                 
  Inhibitors of warfarin\*                  5566 (51.4)   24 591 (54.4)   \<0.01                                    5555 (51.4)   5578 (51.6)   0.60
  Inducers of warfarin\*                    3300 (30.5)   15 192 (33.6)   \<0.01                                    3297 (30.5)   3192 (29.5)   0.02
  Antiplatelet agents                       470 (4.3)     3418 (7.6)      \<0.01                                    470 (4.4)     366 (3.4)     \<0.01
  Non-steroidal anti-inflammatory drugs     5420 (50.1)   16 408 (36.3)   \<0.01                                    5404 (50.0)   5316 (49.2)   0.03
  Selective serotonin reuptake inhibitors   2441 (22.6)   9002 (19.9)     \<0.01                                    2428 (22.5)   2304 (21.3)   \<0.01
  Proton pump inhibitors                    2398 (22.2)   11 290 (25.0)   \<0.01                                    2397 (22.2)   2330 (21.6)   0.12
  Glucocorticoids                           2549 (23.6)   11 377 (25.2)   \<0.01                                    2547 (23.6)   2450 (22.7)   0.02

Before propensity score match: continuous data compared using *t* test and categorical variable using χ^2^ test.

After propensity score match: continuous data compared using paired *t* test and McNemar's test.

CABG/PCI= coronary bypass graft/percutaneous coronary intervention.

\*See appendix (table A2).

Table 3[](#tbl3){ref-type="table"} shows the incidence rates for total, upper, and lower gastrointestinal bleeding for rivaroxaban and warfarin. Among patients with and without atrial fibrillation who were prescribed rivaroxaban, we observed similar rates of gastrointestinal bleeding compared with matched patients prescribed warfarin. A pattern of elevation of risk of gastrointestinal bleeding with advancing age (similar to that with dabigatran) was observed in patients prescribed rivaroxaban (compared with warfarin). As shown in figure 3[](#fig3){ref-type="fig"}, by age 76 and over the risk of rivaroxaban related gastrointestinal bleeding among atrial fibrillation patients (hazard ratio 2.91, 1.65 to 4.81) exceeded the risk with warfarin in the same age category (2.05, 1.17 to 3.59). Among non-atrial fibrillation patients over 75, we saw a similar increase in risk of rivaroxaban related gastrointestinal bleeding (hazard ratio 4.58, 2.40 to 8.72) compared with warfarin (4.40, 2.43 to 7.96) (see supplemental figure A6 in appendix).

![**Fig 3** Rivaroxaban versus warfarin patients with atrial fibrillation: treatment effect by age](abrn023104.f3_default){#fig3}

Risk of cerebrovascular accident with dabigatran, rivaroxaban, and warfarin
---------------------------------------------------------------------------

Both dabigatran and rivaroxaban showed similar event rates to warfarin for the prevention of stroke (see table A4 in appendix); the event rates were not statistically different.

Discussion
==========

Using administrative claims data representing a broad sample of privately insured people in the United States, we found that rates of gastrointestinal bleeding among patients treated with the novel oral anticoagulants dabigatran and rivaroxaban were similar to those observed among patients treated with warfarin. In both patients with and those without atrial fibrillation, the rates of gastrointestinal bleeding were similar between those treated with rivaroxaban or dabigatran and warfarin. Rate of bleeding increased at a greater rate with age among patients treated with novel oral anticoagulants compared with warfarin. Our data were also consistent with published trial data showing non-inferiority of dabigatran and rivaroxaban to warfarin for prevention of cerebrovascular accident.[@ref18] [@ref19]

Interpretation of findings
--------------------------

Previous meta-analyses of randomized trials examining rates of gastrointestinal bleeding for dabigatran and rivaroxaban, compared with warfarin, have identified higher rates of bleeds for the novel oral anticoagulants.[@ref9] [@ref20] However, there has been very little real world assessment of the safety of novel oral anticoagulants, which have had rapid uptake into routine care.[@ref7] Much of the focus has been on dabigatran, and many of the analyses have solely focused on Medicare populations. In our analyses, we were able to evaluate the safety of both dabigatran and rivaroxaban in a diverse population that included people of all ages. The rates of use for non-atrial fibrillation indications tend to be much greater in the younger populations and are predominantly for rivaroxaban (\<65 years old), whereas rates of use for atrial fibrillation are much greater in the older population for both of the novel oral anticoagulants (see tables 1[](#tbl1){ref-type="table"} and 4[](#tbl4){ref-type="table"}).

The differences in rates of gastrointestinal bleeding might be attributable to patients receiving novel oral anticoagulants differing from those that were enrolled in the trials. For example, the mean age of the participants in the RE-LY trial was 71.5 years compared with 67.2 years for those with atrial fibrillation in our study.[@ref19] Similarly, patients enrolled in ROCKET-AF had a median age of 73 compared with the mean age of 69.0 for those receiving rivaroxaban for atrial fibrillation in our study.[@ref18] Furthermore, only a third of the RE-LY cohort had a CHADS~2~ score of 0-1 and none of the ROCKET-AF cohort had a CHADS~2~ score of 0-1, whereas more than 40% of those receiving dabigatran or rivaroxaban for atrial fibrillation in our cohort had a CHADS~2~ score of 0-1.

Implications for healthcare professionals and patients
------------------------------------------------------

The increasing availability of options for anticoagulation provides benefits and challenges for both healthcare professionals and patients. Although the increasing number of options has provided choices for patients and providers, much less clarity exists regarding which patients are most likely to benefit from the newer agents and who may be at greatest risk. This study suggests that, in general, patients younger than 65 have fewer gastrointestinal bleeding events when treated with novel anticoagulants; however, the risk of this adverse event increases over the age of 65 and is particularly concerning for those over 75. These higher rates of bleeding with age are consistent with those seen in recently published studies evaluating efficacy and safety of dabigatran by Graham and Hernandez,[@ref21] [@ref22] as well as in the meta-analysis by Eikelboom.[@ref23] However, none of those studies specifically included the rates of bleeding for patients under the age of 65. A closer assessment of the risks and benefits may be necessary for older patients. Several other factors may also reasonably affect treatment choices, such as the cost of therapy, patients' and providers' ability to manage the testing requirements of warfarin, and the potential for drug-drug interactions.

Strengths and weaknesses of study
---------------------------------

Our study had some weaknesses and important limitations. Firstly, our analysis was limited to the novel oral anticoagulants for which enough data were available (dabigatran and rivaroxaban). We were not able to assess apixaban owing to the limited number of patients prescribed this drug in our dataset during the period of observation. Secondly, we assessed the outcome and underlying risk by using administrative claims and the assessment may be susceptible to variability in coding and billing practices. Thirdly, we tried to account for the selection bias related to treatment choice by using propensity score matching. However, this still leaves the possibility of unobserved confounding. Fourthly, our inability to capture over the counter aspirin use limits our examination of its effect on overall bleeding rates. However, we have included the influence of prescribed aspirin, and we have no reason to suspect a differential rate of use that would substantially affect bleeding rates among patients. In addition, we were not able to assess the relative rates of gastrointestinal bleeding for patients receiving a 110 mg twice daily dose of dabigatran as this dose is not approved in the United States, although it is approved in Europe. This limits the generalizability of these results to patients in Europe receiving 150 mg twice a day. Fifthly, we did a one to one propensity score matched analysis. We could have considered one to two propensity score matched analysis, which would have increased precision but potentially increased the bias.[@ref24] [@ref25] Finally, we focused primarily on an incident cohort of users, and the risk among a prevalent cohort or among patients who switched from warfarin to a novel oral anticoagulant might be different.

Despite these limitations, our investigation also had many strengths, including our inclusion of a diverse, real world population; follow-up that extended through 2013 with a large enough sample to examine both dabigatran and rivaroxaban; quantification of event rates for upper, lower, and total gastrointestinal bleeding; and assessment of the gastrointestinal bleeding profile of different novel oral anticoagulants by age, thus highlighting important safety concerns among older adults.

Conclusions
-----------

Our study is one of the first to evaluate the gastrointestinal safety of novel oral anticoagulants compared with warfarin and provides evidence to facilitate risk-benefit consideration of all treatment options by patients and providers. These data suggest the general safety of novel oral anticoagulants for the younger population but highlight potential gastrointestinal safety concerns among older people.

### What is already known on the topic

1.  Meta-analyses of randomized trials examining gastrointestinal bleeding rates for dabigatran and rivaroxaban, compared with warfarin, have identified higher rates of bleeds for the novel oral anticoagulants

2.  Very little real world assessment of the safety of novel oral anticoagulants has been reported, other than in the Medicare population prescribed dabigatran

### What this study adds

1.  Patients younger than age of 65 have fewer gastrointestinal bleeding events when treated with novel anticoagulants compared with warfarin

2.  However, the risk of gastrointestinal bleeding increases over the age of 65 and is particularly concerning for people aged over 75 years
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